Netrin-1 receptor in the ventral tegmental area is required for sensitization to amphetamine.
Fundamental to neural organization during development, the netrin-1 guidance cue and its receptor, deleted in colorectal cancer (DCC), continue to be expressed in the adult brain. We have shown recently that adult dcc heterozygous mice do not develop sensitization to the stimulant drug of abuse amphetamine (AMPH) and that repeated exposure to AMPH upregulates DCC expression in adult rats. This upregulation is selective to the ventral tegmental area (VTA), a site critical for the initiation of behavioral plasticity induced by stimulant drugs, and is glutamate-dependent. Here we demonstrate that the lack of AMPH-induced sensitization in dcc heterozygotes is associated with a failure of AMPH to upregulate DCC receptor expression in the VTA. Further, we show that, in wild-type mice, repeated AMPH induces increases in VTA expression of the dendritic spine-associated protein, spinophilin. Significantly, however, this effect is not observed in dcc heterozygotes. In parallel experiments conducted in adult rats, we show that VTA DCC receptor activation, at the time of AMPH pretreatment, is critical for sensitization to AMPH. Together, these results demonstrate that the DCC netrin-1 receptor, a protein traditionally known for its role in organizing brain development, plays a critical function in adult brain plasticity, possibly via orchestration of neuronal circuitry reorganization. We propose VTA DCC receptor signaling as a novel mechanism in the series of glutamate-dependent cellular processes that lead to enduring plasticity by drugs of abuse.